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Mitral regurgitation was serially assessed by pulsed 
Doppler echocardiography in 144 patients undergoing bal- 
loon aortic valvuloplasty for symptomatic aortic stenosis. 
Regurgitant scores of 0, 1, 2 and 3 were assigned to pulsed 
Doppler patterns corresponding to no, mild, moderate and 
severe mitral regurgitation, respectively. Before balloon 
aortic valvuloplasty, mitral regurgitant score correlated 
significantly (p < 0.005) but weakly with aortic valve area 
(r = -0.24), left ventricular ejection fraction (r = -0.34) 
and left ventricular systolic pressure (r = 0.23). There was 
no significant correlation between mitral regurgitation and 
either mean catheterization or mean Doppler aortic valve 
gradient. Balloon aortic valvuloplasty produced significant 
decreases in both catheterization and Doppler mean trans- 
valvular aortic valve gradients (56 f 19 to 31 + 12 and 
60 + 19 to 48 f 16 mm Hg, respectively; both p < 0.0001) 
and a significant increase (p < 0.0001) in aortic valve area 
assessed by catheterization (0.6 f 0.2 to 0.9 + 0.3 cm?. 
Left ventricular ejection fraction did not change, but 
cardiac output increased (p < 0.0001) and pulmonary 
capillary wedge pressure decreased (p < 0.0001). 
Pulsed Doppler findings of mitral regurgitation were 
present in 102 of the 144 patients. Eighty-eight patients had 
Percutaneous balloon aortic valvuloplasty generally results 
in symptomatic improvement in most adult patients with 
aortic stenosis (14). The reasons for symptomatic improve- 
ment are not clear, particularly in the sizable number of 
patients whose increase in aortic valve area is only modest 
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a score compatible with mild or more severe degrees of 
mitral regurgitation, and 49 had a score indicative of 
moderate or severe valvular insufliciency. In the entire 
group of 144 patients, mitral regurgitant score decreased 
significantly from 1.1 f 1.0 to 1.0 f 1.0 (p < 0.001). When 
the 88 patients with findings compatible with mild or more 
severe degrees of mitral regurgitation were considered 
separately, mitral regurgitant score decreased from 1.8 * 
0.7 to 1.5 + 0.8 (p < 0.0001). Of the 49 patients with 
Doppler patterns of moderate or severe mitral regurgita- 
tion before dilation, regurgitant score decreased in 38, 
remained unchanged in 8 and increased (by only 0.5 grade) 
in 3. In these patients, mean pulmonary capillary wedge 
pressure decreased from 22 to 19 mm Hg (p < 0.001). 
This study shows that mitral regurgitation is common in 
adult patients undergoing balloon aortic valvuloplasty, that 
it is weakly and inversely correlated with left ventricular 
qjection fraction, aortic valve area and left ventricular 
systolic pressure and that its severity decreases after bal- 
loon aortic valvuloplasty. A decrease in the severity of 
mitral regurgitation may be an important mechanism for 
symptomatic improvement after aortic valvuloplasty. 
(J Am Coil CardiolI989;14:6?7-8.2) 
and whose postvalvuloplasty valve area remains severely 
reduced. A decrease in systolic wall stress, associated with 
a valvuloplasty-induced decrease in the transaortic pressure 
gradient (5), may improve left ventricular systolic perfor- 
mance, resulting in a decrease in pulmonary capillary wedge 
pressure and in symptoms of pulmonary venous congestion. 
Although left ventricular ejection fraction may increase only 
minimally in the first several days after valvuloplasty (2,6), 
many patients with successful dilation demonstrate an ap- 
preciable delayed increase in ejection fraction when restud- 
ied at least several months after valve dilation (1,2,5). 
Because mitral regurgitation may be detected in two- 
thirds of adult patients with symptomatic aortic stenosis (7), 
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Table I. Clinical Characteristics of 144 Study Patients 
Age (yr) 
Gender 
Coronary artery disease 
17 ? 12 
83 Fi61 M 
(850% diameter reduction) (no. of patients1 
None 74 
One vessel 36 
Two vessel 14 
Three vessel 14 
Not assessed 6 
Concomitant rheumatx mitral valve disease (no. of patients) I1 
Partially flail mitral valve (no. of patients) I 
F = female: M = male. 
a decrease in its severity, resulting from a decrease in left 
ventricular systolic pressure, could also contribute to de- 
creased symptoms of congestive heart failure. Indeed, in a 
preliminary noninvasive evaluation of 40 patients undergo- 
ing aortic valvuloplasty (8). we observed a decrease in the 
magnitude of mitral regurgitation, assessed by pulsed Dopp- 
ler echocardiography, in 15 of 28 patients with evident mitral 
regurgitation before valvuloplasty. The present study was 
undertaken to evaluate the presence and extent of mitral 
regurgitation in a much larger group of patients undergoing 
balloon aortic valvuloplasty and to determine the effects of 
valve dilation on the severity of mitral regurgitation. 
Methods 
Study patients. Pulsed Doppler assessment of the pres- 
ence and severity of mitral regurgitation was performed 
before and after percutaneous balloon aortic valvuloplasty in 
144 patients. This study group was derived from a larger 
group of 170 consecutive patients in whom percutaneous 
balloon aortic valvuloplasty was attempted between October 
1985 and April 1988. The immediate hemodynamic results of 
valvuloplasty, associated complications and follow-up (av- 
eraging 9. I months) in the larger group of patients have been 
reported previously (1). Excluded from analysis in the 
present study were 6 patients undergoing combined aortic 
and mitral valvuloplasty and 19 patients in whom noninva- 
sive studies were not performed before or after valvulo- 
plasty, or both, generally because of the necessity for urgent 
valve dilation or the presence of complications occurring 
during or after valvuloplasty. One additional patient was 
excluded because pulsed Doppler mapping was suboptimal 
for assessment of severity of mitral regurgitation. 
The final study group of 144 patients consisted of 83 
women and 61 men, with a mean age of 77 ? 12 years (range 
35 to 93). Other characteristics of the study patients are 
summarized in Tables 1 and 2. All patients had one or more 
of the following symptoms: dyspnea, angina and dizziness/ 
syncope. All patients either had refused surgery or had been 
judged to be poor operative candidates. with an estimated 
perioperative mortality rate >15% related to factors includ- 
ing advanced age and coexisting cardiovascular and other 
medical illnesses. 
Informed consent for balloon aortic valvuloplasty, includ- 
ing assessment of efficacy, was obtained from all patients 
according to a protocol approved by the Beth Israel Hospital 
Human Investigations Committee. 
Aortic valvuloplasty. Percutaneous balloon aortic valvu- 
loplasty was performed by techniques described previously 
from our laboratory (I .6). Measurements of left ventricular, 
central aortic, pulmonary capillary wedge and peripheral 
arterial pressures, oxygen consumption and cardiac output 
(Fick technique) were made before valvuloplasty and ap- 
proximately 10 to 15 min after the last balloon inflation. 
Mean aortic gradient was determined by planimetric analysis 
of the difference between left ventricular and aortic systolic 
pressures, and aortic valve area was calculated from the 
Gorlin formula (9). Given the marked elevation of pulmonary 
capillary wedge pressure or the presence of appreciable 
renal dysfunction, or both. in many of the patients, left 
ventriculography was rarely performed. Rather, as dis- 
Table 2. Hemodynamic and Noninvasive Characteristics of 144 Study Patients 
Before After 
Valvuloplasty Valvuloplasty 
Aortic valve area (cm’) 0.6 2 0.2 0.9 + 0.3* 
Mean aortic gradient (mm Hg) 
Catheterization 56 f 19 31 -r 12* 
Doppler 60 ? 19 48 5 16’ 
Left ventricular systohc pressure (mm Hg) 199 t 34 174 k 21* 
Left ventricular ejection fraction 0.55 ? 0.20 0.56 2 0.18 
Mitral regurgitant score 
All patients I.1 2 I.0 1 .o c 0.9t 
Patients with 2 mild MR 1.8 k 0.7 1.5 2 0.8% 
*p < O.C001 compared with the prevalvuloplasty measurement: ip < 0.001 compared with the prevalvuloplasty 
measurement. Mitral regurgitation (MR) was scored as follows: 0 = no mitral regurgitation; 0.5 = trace mitral 
regurgitation: I = mild: 2 = moderate: 3 = severe. 
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cussed before, radionuclide ventriculography was performed score for each study. The dual readings also permitted 
to assess ejection fraction. assessment of interobserver variability. 
Noninvasive Evaluation 
Echocardiographic studies. The full protocol for echocar- 
diographic evaluation was published previously in a report 
(8) detailing the noninvasive findings in the first 40 patients to 
undergo balloon dilation of the aortic valve at our institution. 
Studies were obtained 24 to 48 h before valvuloplasty and 48 
to 96 h after valvuloplasty. The M-mode, two-dimensional 
and pulsed Doppler echocardiograms were recorded with 
use of an ATL Mark 600 echocardiograph and continuous 
wave Doppler studies with use of a Vingmed SD-100 Dopp- 
ler unit. Hard copy recordings of the continuous wave 
velocity signals from the aortic jet were digitized with a 
graphics tablet (GTCO) and microcomputer (IBM PC), with 
the aid of custom-written software (Datastat). Digitization 
consisted of manually tracing the velocity curves. The 
computer then calculated velocity points every 4 ms for 
measurement of instantaneous pressure gradients, and mean 
pressure gradient was calculated as the sum of the instanta- 
neous gradients divided by the number of measurements. 
The hard copy tracings were judged to be adequate for 
assessment of mean gradient in all but six patients. 
Radionuclide ventriculography. Radionuclide ventriculo- 
grams were obtained in anterior, right anterior oblique and 
modified left anterior oblique views in I I9 of the 144 pa- 
tients, both 24 h before and 48 h after balloon aortic dilation. 
The gated scans were performed after injection of 0.75 GBq 
(20 mCi) of techetium-99m-labeled autologous red blood 
cells. 
Global left ventricular ejection fraction was determined 
using the modified left anterior oblique scan and an operator- 
drawn fixed left ventricular region of interest and a comput- 
er-generated background region of interest. End-diastolic 
and end-systolic frames were identified as frames with 
maximal and minimal counts, respectively. After correction 
for background counts, ejection fraction was determined as 
(ED - ES) x lOO%/ED, where ED and ES = end-diastolic 
and end-systolic counts. respectively. 
Statistical evaluation. The mean value ? SD was calcu- 
lated for all variables. Student’s paired t test was used to 
compare valvuloplasty-induced changes in invasive and non- 
invasive measurements. Correlations between variables 
were determined by the correlation coefficients: probability 
(p) values < 0.05 were considered significant. 
Mitral regurgitation was assessed with pulsed Doppler 
mapping techniques. The left atrium above the anterior and 
posterior mitral valve leaflets was interrogated using 
parastemal and apical views. The degree of mitral regurgi- 
tation was graded from the apical views as follows: no mitral 
regurgitation (score = 0) was diagnosed when no high 
velocity holosystolic signals could be recorded within the 
left atrium: trace mitral regurgitation (score = 0.5) was 
diagnosed if a signal of mitral regurgitation could be re- 
corded only at the mitral leaflet level; mild (score = 1), 
moderate (score = 2) and severe (score = 3) mitral regurgi- 
tation was diagnosed if signals extended %, g and N4 of the 
way, respectively, toward the back wall of the left atrium or 
over equivalent areas if jets were determined to be some- 
what eccentric by pulsed Doppler mapping, directed toward 
either the interatrial septum or the lateral wall of the left 
atrium. Intermediate scores of 0.5, 1 S and 2.5 were given to 
trace, mild to moderate and moderate to severe patterns of 
mitral regurgitation, respectively, when recorded pulsed 
Doppler patterns of mitral regurgitation did not fit well into 
the more limited definitions of mild, moderate and severe 
regurgitation. All studies were read by one of three senior 
echocardiographers unfamiliar with the results of aortic 
valvuloplasty. If the same echocardiographer did not read 
both the prevalvuloplasty and the postvalvuloplasty study, 
the studies were reread by two of the senior echocardio- 
graphers (P.C.: C.W.), and the average of the scores as- 
signed by each of these individuals was designated as the 
Interobserver variability for mitral regurgitant scores was 
assessed in 35 studies. The scores assigned by the two 
readers were subtracted from one another, and the mean 
(*SD) differences were calculated to express interobserver 
variability. Correlation between the scores assigned by 
each of the readers was also determined by the correlation 
coefficient. 
Results 
Hemodynamic effects of valvuloplasty. Balloon dilation of 
the aortic valve resulted in decreases in catheterization mean 
transvalvular aortic gradient (56 + I9 to 31 ? 12 mm Hg), left 
ventricular systolic pressure (199 * 34 to 174 f 27 mm Hg) 
and pulmonary capillary wedge pressure (18 2 8 to 16 ? 7 
mm Hg) and increases in aortic valve area (0.6 2 0.2 to 
0.9 * 0.3 cm’) and cardiac output (4.4 5 1.4 to 4.7 + 1.4 
literslmin). These hemodynamic changes were all significant 
(p < 0.0001). 
In the patients with prevalvuloplasty Doppler findings of 
at least moderate mitral regurgitation, valvuloplasty was 
associated with a decrease in mean pulmonary capillary 
wedge pressure from 22 + 7 to 19 2 8 mm Hg (p < 0.001). 
Radionuclide ventriculography. Left ventricular ejection 
fraction, assessed from gated blood pool imaging, was 
0.55 5 0.20 before valvuloplasty. Its value was unchanged 
(0.56 2 0.18) at follow-up study 48 h after valvuloplasty. 
Doppler echocardiography. The mean pressure gradient 
obtained by continuous wave Doppler techniques across the 
aortic stenotic jet decreased from 60 + 19 mm Hg before 
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Figure 1. Plot of aortic valve area versus mitral regurgitant (MR) 
score before valvuloplasty for all 144 patients. 
valvuloplasty to 48 + 16 mm Hg at the follow-up study 2 to 
4 days after valvuloplasty (p < 0.0001). Pulsed Doppler 
findings of mitral regurgitation were present in 102 (71%) of 
the 144 patients. Eighty-eight patients had a pulsed Doppler 
pattern of mild or more severe degrees of mitral regurgita- 
tion, and 49 had a pattern suggesting moderate or severe 
valvular insufficiency. In the entire group of 144 patients, 
mean mitral regurgitant score decreased from I. 1 * 1 .O to 
1.0 it 1.0 (p < 0.001). When only those patients with mild or 
more severe degrees of mitral regurgitation were considered, 
mean mitral regurgitant score decreased from 1.8 5 0.7 to 
1.5 ? 0.8 (p < 0.0001). Among the 88 patients with mild or 
more severe degrees of mitral regurgitation, the mitral regur- 
gitant score decreased in 45, remained unchanged in 32, and 
increased in 11. Among the 49 patients with a Doppler 
pattern of moderate or severe mitral regurgitation before 
dilation, regurgitant score decreased in 38 patients, remained 
unchanged in 8 and increased (by only 0.5 grade) in 3. 
Interobserver variability for the scoring of mitral regur- 
gitation was assessed in 35 studies. There was no difference 
in mean score (1.9 + 0.9) for both observers for the 35 
studies. The mean difference was 0.02 and the standard 
deviation of the differences was 0.18. The correlation coef- 
ficient was 0.98 (p < 0.001). 
Correlates of mitral regurgitation. Mitral regurgitant 
scores before balloon aortic valvuloplasty were compared 
with prevalvuloplasty catheterization calculations of aortic 
valve area, mean catheterization and mean Doppler aortic 
valve pressure gradients, left ventricular systolic pressure 
measured at catheterization and left ventricular ejection 
fraction assessed by radionuclide ventriculography. Regur- 
gitant score correlated significantly (p < 0.005) but weakly 
with aortic valve area (r = -0.24) (Fig. I), left ventricular 
ejection fraction (r = -0.36, p < 0.001) (Fig. 2) and left 
ventricular systolic pressure (r = -0.23, p < 0.002) (Fig. 3). 
Mitral regurgitant score did not correlate with mean cathe- 
terization or mean Doppler aortic valve gradient (p = NS) 
(Fig. 4). 
Pre- and postvalvuloplasty information with regard to 
symptoms of congestive heart failure was available for 3 1 of 
0 20 40 60 60 100 
LV Ejection Fraction (%) 
Figure 2. Plot of left ventricular (LV) ejection fraction versus mitral 
regurgitant (MR) score before valvuloplasty for all 123 patients who 
underwent prevalvuloplasty radionuclide ventriculography. 
the 49 patients having at least moderate mitral regurgitation 
before valvuloplasty. Only 6 of the 31 patients had no 
presenting symptoms of congestive heart failure. Of the 25 
patients with dyspnea on exertion or more severe symptoms 
of congestive heart failure before valvuloplasty, 22 showed 
improvement after valve dilation. Twenty of these patients 
had decreased mitral regurgitation by Doppler study after 
valvuloplasty and two had either no change or a slight 
increase. Three patients had no decrease in exertional dys- 
pnea after valvuloplasty; they were all in the group with no 
change or an increase in mitral regurgitation. 
Discussion 
Clinical results of balloon aortic valvuloplasty. The initial 
enthusiasm for percutaneous balloon dilation of the aortic 
valve in adult patients with symptomatic aortic stenosis 
has been tempered somewhat by the high mortality and 
restenosis rates within the first year after the procedure (1). 
Nonetheless, although controlled trials will be necessary to 
determine whether valvuloplasty prolongs life expectancy, 
life-table analysis comparing survival rates of patients un- 
dergoing valvuloplasty with those of historic controls raises 
the possibility that valve dilation may prolong survival (I). 
Figure 3. Plot of catheterization left ventricular (LV) systolic 
pressure versus mitral regurgitant (MR) score before valvuloplasty 
in 144 patients. 
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Figure 4. Plot of catheterization mean gradient (A) and Doppler 
mean gradient (B) (both in millimeters of mercury) before valvulo- 
plasty versus mitral regurgitant (MR) score before valvuloplasty. 
The number of patients with a Doppler gradient (n = 138) is less than 
the number of patients with a catheterization gradient (n = 144) 
because hard copy Doppler tracings in six patients were judged to be 
suboptimal for mean gradient analysis. 
Additionally, it is clear that the majority of patients experi- 
ence some symptomatic improvement, especially a decrease 
in dyspnea, despite the frequent continued presence of 
moderate or severe aortic valve narrowing (l-3). 
The reasons for symptomatic improvement have not been 
adequately studied, but may involve a number of mecha- 
nisms: improved myocardial performance with increased 
ejection fraction and reduction of diastolic and systolic 
ventricular volumes; enhanced left ventricular relaxation 
resulting from reduction of both wall stress and myocardial 
ischemia; increased left ventricular compliance as a result of 
regression of ventricular hypertrophy; and a decrease in the 
magnitude of mitral regurgitation. All of these changes 
would be associated with a decrease in pulmonary capillary 
wedge pressure and, consequently, amelioration of symp- 
toms of pulmonary venous hypertension. Catheterization 
studies (6) before and immediately after valvuloplasty have 
documented a significant decrease in pulmonary capillary 
wedge pressure. The long-term effects of valvuloplasty on 
pulmonary capillary wedge pressure have, however, not 
been evaluated. It has been demonstrated that left ventricu- 
lar ejection fraction does increase slightly within the first 
48 h after valvuloplasty, especially in patients with an 
initially depressed ejection fraction (2,6). In addition, many 
patients restudied several months after valvuloplasty 
demonstrate further delayed increases in ventricular 
performance (2,5). 
The reason for the time delay between valve dilation and 
maximal improvement in left ventricular ejection fraction is 
not clear, but could involve myocardial stunning related to 
ischemia induced by the valvuloplasty procedure itself or the 
time necessary for ventricular remodeling after reduction of 
left ventricular wall stress. The long-term effects of aortic 
valvuloplasty on left ventricular mass have not been defined. 
Limited studies (6) using radionuclide ventriculography have 
shown no increase in peak left ventricular filling rate 48 h 
after valve dilation. In addition, in a group of patients 
selected for the absence of other factors known to influence 
transmitral Doppler signals (for example, mitral or aortic 
regurgitation, or both, coronary artery disease and nonsinus 
rhythm), transmitral inflow patterns were unchanged early 
after valvuloplasty compared with prevalvuloplasty mea- 
surements (10). These findings suggest that balloon valvulo- 
plasty-induced decreases in left ventricular systolic pressure 
do not acutely alter left ventricular filling. 
Effect of aortic valvuloplasty on mitral regurgitation. The 
present study supports previous preliminary work from our 
institution (7) documenting a very high prevalence of mitral 
regurgitation in adult patients with symptomatic aortic ste- 
nosis. The observed decrease in the magnitude of mitral 
regurgitation, assessed by pulsed Doppler mapping tech- 
niques, after balloon aortic valvuloplasty suggests that a 
decrease in mitral regurgitation may be an important con- 
tributor to decreases in pulmonary venous pressure and 
symptoms of congestive heart failure in many patients with 
aortic stenosis. The finding of a significant decrease in mitral 
regurgitant score is not unexpected because the magnitude 
of mitral regurgitation should vary directly with the pressure 
gradient (left ventricular pressure - left atria1 pressure) 
across the mitral valve during systole. Because successful 
aortic valvuloplasty decreases the left ventricular to aortic 
systolic pressure gradient, resulting in a decrease in left 
ventricular systolic pressure (6), the severity of mitral regur- 
gitation should diminish. A decrease in mitral regurgitation 
probably explains the decrease in the ratio of left ventricular 
to right ventricular stroke volume previously observed by 
radionuclide ventriculography (6). Because mitral regurgita- 
tion is correlated inversely with left ventricular ejection 
fraction, delayed increases in left ventricular performance 
might also be accompanied by a further reduction in mitral 
regurgitation. The long-term effects of valvuloplasty require 
further evaluation. 
Potential limitations of the study. Routine pulsed Doppler 
echocardiography was used to assess the severity of mitral 
regurgitation. This Doppler mapping technique has been 
shown to correlate fairly well with ventriculographic esti- 
mates of the severity of mitral regurgitation (I l), and has 
been the Doppler technique chosen by various investigators 
(8,12-14) to assess for changes in mitral regurgitation after 
valvuloplasty. Nevertheless, no studies are available regard- 
ing the accuracy of pulsed Doppler echocardiography, rela- 
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tive to catheterization, in patients before and after val- 
vuloplasty. Unfortunately, congestive heart failure or con- 
comitant renal disease, or both, precluded ventriculographic 
assessment of mitral regurgitation in the majority of our 
patients. In addition, the presence of aortic insufficiency in 
more than two-thirds of the patients studied would have 
precluded accurate catheterization assessment of both regur- 
gitant volume and regurgitant fraction. In our Doppler study, 
each patient served as his or her own control, facilitating 
qualitative assessment of changes in the magnitude of mitral 
regurgitation. Even though readers were not blinded to the 
timing of the echocardiographic study (before or after val- 
vuloplasty), the decision to retrospectively analyze changes 
in mitral regurgitation after valvuloplasty was made late in 
patient accrual and should have had negligible impact on 
readers’ assignments of mitral regurgitant scores. The stud- 
ies that were reevaluated by two echocardiographers were 
scored without knowledge of study timing. 
Cutheterizution and Doppler recordings were not simul- 
taneous. Potential differences in hemodynamic factors such 
as cardiac output might, therefore, have accounted for some 
of the discrepancies between mean catheterization and mean 
Doppler gradients both before and after valvuloplasty. The 
time lag between echocardiographic and catheterization 
studies might also have influenced the correlation between 
mitral regurgitant score and both left ventricular systolic 
pressure and mean catheterization aortic valve gradient. 
Third, there is no available quantitative information regard- 
ing exercise tolerance in our patients. The presence of 
concomitant orthopedic, rheumatologic, neurologic and 
other systemic illnesses in a large percent of our elderly 
patients precluded exercise evaluation. Therefore, although 
reports of subjective improvement in dyspnea on exertion 
have been thought to be related to the beneficial effects of 
valve dilation, placebo effects and other factors cannot be 
excluded. 
Finally, the purpose oj’the study was not to determine the 
cause of mitral regurgitation, but rather to assess changes in 
magnitude of mitral regurgitation after valvuloplasty. The 
study, therefore, did not address the relation of mitral 
regurgitation to certain other factors such as rheumatic heart 
disease, mitral annular calcification, past myocardial infarc- 
tion or the presence, location and severity of coronary artery 
disease or of wall motion abnormalities. 
Conclusions. Mitral regurgitation is present in more than 
two-thirds of adult patients who are candidates for aortic 
valvuloplasty. Successful aortic valve dilation results in a 
significant decrease in the severity of mitral regurgitation. 
This decrease may be an important mechanism for sympto- 
matic improvement in many patients undergoing balloon 
aortic valvuloplasty. 
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